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Urban settlements in India are growing tremendously and have critical issues related to uncontrolled and inappropriate development,
environmental degradation, pollution, high energy consumption, and ineﬃcient infrastructure which results in deteriorating living con-
ditions. Therefore, achieving systematic and contextual development is the most challenging concern in all urban developments. This
scenario is most critical in environmentally sensitive hill towns which have witnessed huge inappropriate development in last few decades.
However, to achieve systematic and contextual development diﬀerent building regulations like, ﬂoor area ratio (F.A.R.), setbacks,
ground coverage, and height of building are enforced, but the problem of inappropriate development persists.
Setback is a regulation which controls the spacing between buildings to have adequate solar exposure and ventilation. Presently, set-
back regulations are enforced uniformly throughout a hill town for a particular use which results in inadequate solar exposure to build-
ings, high energy consumption and unhealthy living conditions.
This paper attempts to highlight a new approach to formulate setback regulations based on topography, slope direction, building
height and access road for speciﬁc context to Shimla (the largest hilltop town of India) after the in depth study of problems of existing
setback regulations in Indian hill towns.
 2015 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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Building regulations are a set of rules enforced in human
settlements aimed to protect public health, safety and gen-
eral welfare, and environment. Presently, these are the
means by which government/development authorities can
control use of available land resources, buildings, infras-
tructure facilities to ensure proper spatial organisationhttp://dx.doi.org/10.1016/j.ijsbe.2015.03.001
2212-6090/ 2015 The Gulf Organisation for Research and Development. Pro
⇑ Corresponding author.
E-mail address: ashwani.patiyal@gmail.com (A. Kumar).
Peer review under responsibility of The Gulf Organisation for Research
and Development.and environmental protection in the city (Hui, 2001).
Prescriptive type of building regulations, like ﬂoor area
ratio (F.A.R.), setbacks, ground coverage, height of build-
ing, number of storeys and plot area etc., are in force to
control and achieve systematic and regulated development
in urban settlements throughout India (TCPO, 2004). But,
issues related to uncontrolled and inappropriate develop-
ment, environmental degradation, pollution, high energy
consumption, ineﬃcient infrastructure and deteriorating
living conditions persist in almost all urban settlements of
India. The problem of inappropriate development is most
critical in hill towns, which are environmentally sensitiveduction and hosting by Elsevier B.V. All rights reserved.
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ity (Pushplata and Kumar, 2012). As a consequence of this,
lush green slopes of hill towns are converted into barren
concrete jungles coupled with problems like congestion,
overcrowding, pollution, traﬃc jams, inaccessibility, land-
slides, forest reduction and slope failure, which result in
environmental degradation and ecological disturbance
(TCPO, 2011) (Fig. 1), thus questioning the appropriate-
ness of diﬀerent enforced building regulations.
Moreover, it is evident from existing development in
Indian hill towns the building regulations which are
enforced are not appropriate to the existing geo-environ-
mental context (Pushplata and Kumar, 2012). Setback is
one such building regulation which is enforced to regulate
spacing between two buildings with the aim to have ade-
quate solar exposure to buildings throughout the year (suf-
ﬁcient for general lighting in buildings), protection of one
building from the shadow of others and suﬃcient ventila-
tion. The eﬀective use of space between two buildings for
landscaping, plantation of trees or other activities, which
are important for maintaining environmental quality and
improving aesthetic signiﬁcance of a place, depend upon
the exactness of enforced setback regulations and its eﬀec-
tive compliance. The inappropriateness of setback reg-
ulation and problems prevailing in setback regulationsFigure 1. Existing inappropriateare discussed below for speciﬁc context of residential build-
ings in Shimla- the largest hilltop town of north India.2. Inappropriateness and problems in existing setback
regulations in Shimla
Shimla, is located in an ecologically sensitive zone and
existing building regulations are formulated without con-
sidering the geo-environmental and climatic context of
the town. Moreover, most of the regulations are bor-
rowed/inspired from the building regulations of nearby
metropolitan cities, mostly without any modiﬁcation, thus
leading to inappropriate development in the picturesque
hill town (ITPI, 2004). The front, rear and side set back
regulations applicable for residential buildings in Shimla
town are 2.5 m, 2.0 m and 2.0 m respectively (TCPO,
2011). These setbacks are uniformly applicable to all slope
aspects, without taking into account the need for having
diﬀerent setbacks for ensuring adequate solar access on dif-
ferent slope gradients and directions. The actual ground
coverage, after fulﬁlling the setback regulations, is usually
high (mostly more than 65% of plot areas), which results
in high building foot print and less open space. The existing
set backs are insuﬃcient to have adequate solar exposure
for buildings and consequently, a large number ofdevelopment in Shimla town.
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(Marwaha, 2003). Moreover, the space between buildings
consequent upon these setback regulations is less for its
proper utilisation for landscaping or plantation (Fig. 3).
It is insuﬃcient to have adequate recharge of ground water
during rain as a result, there is an increase in rainwater run-
oﬀ which leads to more erosion of hill slopes and causes
more ﬂooding in downstream plain areas/settlements
(Kumar and Pushaplata, 2013).
Due to insuﬃcient setbacks around buildings entire
slopes in town appear to have continuous built mass
without any open space or vegetation, thus changing
the character of a hill town/station. As a consequence
of smaller setbacks not only damp, unhealthy and
uncomfortable living conditions are present in large num-
ber of buildings in Shimla, once lush green hill slopes are
modiﬁed into barren hill slopes mostly covered with con-
crete buildings (Fig. 4) (Pushplata and Kumar, 2009).
Most important is the front set back of buildings, which
is decided irrespective of type and width of access road
and height and location of buildings on the oppositeFigure 2. Inadequate spacing between two bside. These setbacks are decided without considering
the building type, height/number of storeys, slope gradi-
ent and direction and size of the plot.
In light of the above, there is a need to change existing
setback regulations so that adequate solar exposure can
be provided to buildings in cold climatic conditions of
Shimla and the resultant development can be made more
contextually appropriate. To achieve this, there is a need
to change the existing approach of uniform building set-
back to a more contextually responsive approach which
considers various geo-environmental and climatic factors
for the formulation of setback regulations. Geo-environ-
mental factors like topography, solar direction are consid-
ered with height of buildings and angle of solar radiations
being important for adequate solar exposure of buildings
to become the basis for the formulation of new setback reg-
ulations for Shimla town.
Similar approach is also speciﬁed in building regulations
of Thimphu City, Bhutan as an annexure to formulate set-
back regulations to have proper solar exposure for build-
ings throughout the year (DUDH, 2004).uildings at diﬀerent locations in Shimla.
Figure 3. Extensive development in hill towns without any vegetation.
Figure 4. Hill slopes covered with buildings in Shimla.
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town
Shimla town is situated on the last Traverse spur of the
Central Himalayas, located at 31 40 North to 31 100 Northlatitude and 77 50 East to 77 150 longitude, at an altitude
of 2130 m above mean sea level (JNNURM, 2006).
Shimla has a predominantly cold climate, with average
temperature during summer between 14 C and 20 C and
between 7 C and 10 C in winter. The average total
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(TCPO, 2011). In the cold climate of Shimla, it is important
to have adequate solar exposure to buildings for healthyTable 1
Spacing between buildings for solar exposure of 2, 3 and 4 h in Shimla town.
S. No. Direction Slope angle Building height Space re
2 h sola
Side
1 South 0 4 1.76
2 South 10 4 1.44
3 South 15 4 1.29
4 South 20 4 1.17
5 South 25 4 1.06
6 South 30 4 0.97
7 South 0 7 3.21
8 South 10 7 2.52
9 South 15 7 2.26
10 South 20 7 2.05
11 South 25 7 1.86
12 South 30 7 1.69
13 South 0 10 4.58
14 South 10 10 3.6
15 South 15 10 3.23
16 South 20 10 2.93
17 South 25 10 2.66
18 South 30 10 2. 41
19 South 0 13 5.96
20 South 10 13 4.68
21 South 15 13 4.21
22 South 20 13 3.8
23 South 25 13 3.45
24 South 30 13 3.14
25 South 0 16 7.33
26 South 10 16 5.76
27 South 15 16 5.18
28 South 20 16 4.68
29 South 25 16 4.3
30 South 30 16 3.68
31 South 0 19 8.71
32 South 10 19 6.83
33 South 15 19 6.15
34 South 20 19 5.6
35 South 25 19 5.05
36 South 30 19 4.59
37 North 10 4 2.54
38 North 15 4 3.15
39 North 20 4 4.23
40 North 25 4 6.7
41 North 10 7 4.42
42 North 15 7 5.51
43 North 20 7 7.41
44 North 25 7 11.75
45 North 10 10 6.32
46 North 15 10 7.87
47 North 20 10 10.69
48 North 25 10 16.75
49 North 10 13 8.22
50 North 15 13 10.23
51 North 20 13 13.76
52 North 25 13 26.8
53 North 10 16 10.11
54 North 15 16 12.59
55 North 20 16 16.94and comfortable living and reduction in energy consump-
tion, as energy utilised for heating/maintaining comfort
conditions can be lowered by providing adequate solarquired between two buildings for
r exposure 3 h solar exposure 4 h solar exposure
Front/rear Side Front/rear Side Front/rear
5.98 3.12 7 4.99 8.3
4.89 2.33 5.33 3.65 6.07
4.4 2.08 4.73 3.21 5.33
3.98 1.87 4.25 2.84 4.73
3.61 1.63 3.83 2.54 4.22
3.28 1.47 3.46 2.27 3. 78
10.9 5.46 12.25 8.72 14.52
8.55 4.08 9.29 6.4 10.63
7.69 3.64 8.28 5.61 9.33
6.96 3.23 7.44 4.97 8.27
6.32 2.85 6.71 4.44 7.38
5.74 2.58 6.06 3.97 6.61
15.58 7.79 17.5 12.46 20.74
12.22 5.83 13.27 9.13 15.19
10.99 5.2 11.83 8.01 13.33
9.94 4.67 10.62 7.1 11.82
9.02 4.07 9.58 6.34 10.54
8.2 3.68 8.66 5.67 9.44
20.25 9.26 22.75 16.2 26.97
15.89 7.58 17.25 11.87 19.75
14.29 6.76 15.38 10.42 17.33
12.92 6.08 13.81 9.23 15.37
11.73 5.29 12.46 8.24 13.71
10.66 4.78 11.26 7.37 12.27
24.92 12.46 28 19.94 33.19
19.55 9.4 21.4 14.6 24.3
17.58 8.38 19.06 12.82 21.23
15.91 7.52 17.1 11.36 18.91
14.44 6.55 15.42 10.14 16.87
13.12 5.92 13.93 9.08 15.1
29.6 14.8 33.26 23.68 39.41
23.22 11.17 25.41 17.34 28.85
20.88 9.95 22.64 15.22 25.33
18.89 8.93 20.26 13.49 22.46
17.15 7.78 18.31 12.03 20.03
15.58 7.02 16.54 10.78 17.93
8.59 4.38 9.97 7.86 13.08
10.7 5.68 12.93 11.22 18.68
14.39 8.24 18.75 20.34 33.86
22.77 15.83 36.02
15.03 7.68 17.46 13.76 22.89
18.72 9.95 22.62 19.64 32.68
25.18 14.42 32.81 35.6 59.25
39.85 27.7 63.03
21.48 10.96 24.94 19.65 32.7
26.74 14.2 32.32 28.06 46.69
35.97 20.6 46.86
56.92 39.58 90.05
27.92 14.3 32.42 25.54 42.51
34.76 18.5 42.02 36.47 60.7
46.76 26.78 60.42
91.08 51.46 117.07
34.36 17.54 39.9
42.78 22.71 51.67
57.56 32.96 74.98
Front/rear Spacing between buildings on Northern Slopes to 
have solar exposure
Figure 6. Front and rear spacing between buildings on northern slopes.
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buildings, necessary for comfort conditions can be ensured
by formulating new setback regulations. To formulate set-
back regulations which ensure solar exposure to buildings
for a speciﬁc duration (number of hours) during day and
facilitate contextually appropriate development; topogra-
phy, slope direction and height of building are considered
as major factors in this study.
A study is conducted in the context of Shimla to ﬁnd the
minimum space required between two buildings con-
structed on diﬀerent slope angles and slope directions to
have solar exposure of 2 h, 3 h and 4 h in the shortest
day of the year (i.e. 23 December) in Shimla. Buildings of
4 m, 7 m, 10 m, 13 m, 16 m, and 19 m (i.e. single storied,
two storied, three storied, four storied, ﬁve storied and
six storied buildings) are considered to be developed on
southern and northern slopes. These buildings are consid-
ered to be developed on slope gradients of 10, 15, 20,
25, 30, 35, 40 and on ﬂat sites. The vertical and horizon-
tal solar angels for 2 h solar exposure, 3 h solar exposure
and 4 h solar exposure on the shortest day of the year
are considered as, 33 and 16, 30 and 24, 26 and 31
respectively. The resultant spacing between two buildings
for solar exposure of 2 h, 3 h and 4 h are calculated and
tabulated in Table 1 and plotted in Figs. 5 and 6.
From this study, it is found that buildings of same
height and built on diﬀerent slope gradients require diﬀer-
ent side and front/rear setbacks. E.g. 4 m high buildings
built on 10, 15, 20 and 25 southern sloping grounds
requires space between the adjoining buildings (side and
front/rear) as 3.2 and 5.45, 2.8 and 4.95, 2.6 and 4.8 and
2.5 and 4.6 respectively, which are varying for diﬀerent
slope gradients.
It is also found from the study that buildings built on
sites having the same slope gradients but diﬀerent slope
directions, the space required between the adjoining build-
ings (side and front/rear) is varied to a greater extent. E.g.
7 m high buildings built on 10 northern and southern slop-
ing sites requires space in between (front/rear and side) as
10.7 and 18.1 and 5.6 and 9.5 respectively.
It is also evident from the study that two buildings of
diﬀerent heights built on the same slope gradient and slope
direction also require diﬀerent spacing to have solar expo-
sure for speciﬁed hours during the day. For exampleSlope angle at which building is located 
Front/rear Spacing between buildings on Southern Slopes 
to have solar exposure  
Figure 5. Front and rear spacing between buildings on southern slopes.buildings of 7 and 10 m height built on 20 southern slopes
require 7.44 m and 10.62 m spacing respectively.3.1. Procedure for formulating front setback of building in
Shimla
The space required between two buildings on the oppo-
site side of a road/street is crucial to have adequate solar
exposure for speciﬁc durations during the day and depends
upon front setback of two buildings and width of the access
road (Fig. 7). On the southern slopes, the spacing required
between buildings to have adequate solar exposure need to
be in relation to the height of the building on the uphill side
whereas, in the case of northern slopes the spacing required
between two building to have adequate solar exposure need
to be in relation to the height of building on the downhill
side as shown in Fig. 8.
The front setback of the building is important for ade-
quate solar exposure to the building which depends upon
the height of the building, topography and slope direction.
There is a variation in the setbacks on the northern and
southern slopes and relation between front setback, height
of building, width of road and slope angle for both north
and south directions is speciﬁed as below.
For southern slopes:
Front setback / Building height
Width of road; Slope angle
ð1Þ
For northern slopes
Front setback / Slope angle; Building height
Width of road
ð2Þ
It is evident from the above relation that for southern
slopes with the increase in building height there is an
increase in front setback. But, with the increase in slope
gradient and width of road the front setback there is a
decrease in setback. Whereas for northern slopes with the
increase in building height and slope gradient there is an
increase in front setback and similar to southern slopes
with an increase in the width of the road there is a decrease
in front setbacks.
After deciding the number of hours of direct solar expo-
sure to buildings the space required between two buildings
(as speciﬁed in Table 1) is considered for formulation of
front setback. Moreover, the maximum and minimum
Figure 7. Space for solar exposure between two buildings built on both sides of a road.
Figure 8. Buildings on southern and northern slopes in North Indian hill towns.
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setbacks, which are either higher than the maximum set-
back or lower than the minimum setback, need to be pro-
vided as maximum and minimum setbacks. However the
space required between two buildings to have solar expo-
sure of speciﬁc duration include the road/street width
and front setbacks of two buildings (Fig. 7). Therefore,
with the change in width of road there is a change in front
building regulations of buildings constructed along the
road/street also a need to need for setback regulations.
This process of formulating front setback is explained
with the example of setback regulations for residential
buildings in Shimla. Minimum solar exposure of 3 h (on
the smallest day of the year) is considered as the basis foridentiﬁcation of spacing between buildings. Spacing
required between two buildings to have a solar exposure
of 3 h on the smallest day of the year for diﬀerent slope
angles and diﬀerent building heights are shown in
Table 2. The spacing required between two adjacent build-
ings for the southern direction is also considered for south
east, south west, east and west directions; and spacing
between buildings on the northern direction is also taken
for the north west and northeast directions. Moreover,
average slope as 0, 10, 20, 30, and 40 respectively are
considered for topography ranges, 0–5, 6–15, 16–25,
26–35 and 36–45 respectively for setback formulation.
The height of buildings is considered as 4.0 m, 7.0 m,
10.0 m, 13.0 m, 16.0 m and 19.0 m for 01, 02, 03, 04, 05
Table 2
Spacing between two buildings on the opposite side of a street/road for 3 h solar exposure on the smallest day of the year.
No. of storeys Building height (m) Southern slopes (degrees) Northern slopes (degrees)
0–5 5–15 15–25 25–35 35–45 0–5 5–15 15–25
1 4 7 5.33 4.25 3.46 2.82 7 9.97 18.75
2 7 12.25 9.29 7.44 6.06 4.94 12.25 17.46 32.81
3 10 17.5 13.27 10.62 8.66 7.06 17.5 24.94 46.86
4 13 22.75 17.25 13.81 11.26 9.18 22.75 32.42 60.42
5 16 28 21.4 17.1 13.93 11.34
6 19 33.26 25.41 20.26 16.54 13.47
Table 3
Front setback for buildings along the 9 m wide road to have minimum 3 h solar exposure.
No. of storeys Building height (m) Southern slopes (degrees) Northern slopes (degrees)
0–5 5–15 15–25 25–35 35–45 0–5 5–15 15–25
1 4 2.5 2.5 2.5 2.5 2.5 2.5 2.5 4.75
2 7 2.5 2.5 2.5 2.5 2.5 2.5 4.25 8.0
3 10 4.25 2.5 2.5 2.5 2.5 4.25 8.0 8.0
4 13 6.5 4.0 2.5 2.5 2.5 6.75 8.0 8.0
5 16 8.0 6.25 4.0 2.5 2.5 8.0 8.0 8.0
6 19 8.0 8.0 5.75 3.75 2.5 8.0 8.0 8.0
Table 4
Front setback for buildings along the 7 m wide road to have minimum 3 h solar exposure.
No. of storeys Building height (m) Southern slopes (degrees) Northern slopes (degrees)
0–5 5–15 15–25 25–35 35–45 0–5 5–15 15–25
1 4 2.5 2.5 2.5 2.5 2.5 2.5 2.5 5.5
2 7 2.5 2.5 2.5 2.5 2.5 2.5 5.25 8.0
3 10 5.25 3.0 2.5 2.5 2.5 5.25 8.0 8.0
4 13 7.5 5.0 3.5 2.5 2.5 7.5 8.0 8.0
5 16 8.0 7.25 5.0 6.45 2.25 8.0 8.0 8.0
6 19 8.0 8.0 6.5 4.75 3.25 8.0 8.0 8.0
Table 5
Front setback for buildings along the 4 m wide road to have minimum 3 h solar exposure.
No. of storeys Building height (m) Southern slopes (degrees) Northern slopes (degrees)
0–5 5–15 15–25 25–35 35–45 0–5 5–15 15–25
1 4 2.5 2.5 2.5 2.5 2.5 2.5 2.5 8.0
2 7 4.0 2.75 2.5 2.5 2.5 4.0 7.75 8.0
3 10 6.75 4.5 3.3 2.5 2.5 6.75 8.0 8.0
4 13 8.0 6.5 4.75 3.5 2.5 8.0 8.0 8.0
5 16 8.0 8.0 6.5 5.0 3.75 8.0 8.0 8.0
6 19 8.0 8.0 8.0 6.25 4.75 8.0 8.0 8.0
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are considered for the formulation of front setbacks. The
maximum and minimum values of front setback are con-
sidered as 8.0 m and 2.5 m for solar exposure of speciﬁc
hours and all the values should vary in between these maxi-
mum and minimum setbacks. In relation to the spacing
required between two buildings for adequate solar expo-
sure, the front setbacks for residential buildings are consid-
ered for three types of buildings as, Front setbacks for
buildings abutting 9.0 m wide road, Front setbacks forbuildings along 7.0 m wide road and Front setbacks for
buildings along 4.0 m road, which are speciﬁed in Tables
3–5 respectively. The value of resultant setbacks is further
normalised to the multiples of 0.25 m for their eﬀective
adoption and measurement on the site during construction.4. Conclusion
Setback regulations are crucial for controlling building
foot print and to have appropriate solar exposure in cold
A. Kumar, Pushplata / International Journal of Sustainable Built Environment 4 (2015) 91–99 99climatic conditions of hill towns. However in preset context
this crucial regulation is not eﬃciently formulated, thus
resulting in more energy consumption, deteriorated
environmental and living conditions. With due considera-
tion of important factors like topography, slope direction
and climatic condition along with the height of the building
and the width of the access road results in the formulation
of appropriate setback conditions resulting in contextual
development which requires minimum energy to maintain
comfort conditions. New setback regulations assure the
minimum solar exposure of a speciﬁed duration in a day
and also the space kept open as setbacks can be utilised
for landscaping to improve the aesthetic or visual quality
of the town.
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